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O sucesso da terapia reabilitadora com implantes requer um equilíbrio entre 
fatores biológicos e mecânicos. Os fatores biológicos são multifatoriais, já os 
mecânicos associam-se à instabilidade da conexão implante-parafuso-
intermediário. Entre os fatores responsáveis pela manutenção da estabilidade 
desta conexão, a manutenção da pré-carga do parafuso é o mais importante. Com 
base nestas informações, este estudo buscou avaliar a manutenção da pré-carga 
de parafusos de ouro, após a aplicação de carga simulada, por meio da realização 
de ciclagem mecânica do conjunto protético, e também observar a ocorrência de 
rotação da coroa ou do intermediário protético em relação aos implantes. Para 
tanto, foram utilizados 40 implantes, 20 com hexágono interno e 20 externo, 
conectados a intermediários protéticos do tipo Esteticone com angulação de 17° e 
sem angulação, todos retidos por parafusos de titânio rosqueados a 20N/cm, 
sobre os quais foram parafusadas coroas confeccionadas em resina acrílica 
simulando pré-molares superiores humanos com parafusos de ouro apertados a 
10N/cm. Cada conjunto foi então submetido ao ensaio de fadiga com aplicação de 
forças médias de 115 N no sentido do longo eixo do implante por 0.2 s, com uma 
freqüência de 1 Hz, totalizando um total de 250.000 de ciclos (correspondendo 
aproximadamente a 3 meses de uso).  A manutenção da pré-carga dos parafusos, 
foi avaliada pelo destorque dos parafusos, após a realização do ensaio de fadiga, 
com a utilização de um torquímetro digital. Os resultados foram então submetidos 
à análise de variância a 2 critérios e ao teste de Tuckey, através dos quais foi 
possível observar que, para o parafuso protético, ocorreu diferença 
estatisticamente significante entre os tipos de implante, mas sem interação com o 
tipo de intermediário. No entanto para o parafuso do intermediário ocorreu 
diferença significativa tanto para o tipo de implante como entre os intermediários, 
com interação entre os fatores. A análise estatística apontou um desempenho 
melhor para a manutenção da pré-carga inicial dos parafusos, nos intermediários 
angulados tanto nos implantes de hexágono interno, quanto nos de hexágono 
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externo. Nenhum dos corpos de prova apresentou rotação de coroa ou 
intermediário protético quando analisados ao microscópio. 
 































  After osseointegration failures, screw loosening is the most common 
problem in implant dentistry. However, controversies still exist regarding to the 
influence of type connection implant to abutment in screw loosing or fracture. 
This study evaluated pre-tightening maintenance in abutment and prosthetic 
screws of external and internal implant hexagon with standard and 17° angulated 
abutments after fatigue testing. Also, the rotational dislodgement was checked 
using digital measurement microscope. 
Four subsets (n=10) of implants and abutments were assessed: (G1) 
internally hexed implant and standard abutment (G2) internally hexed implant and 
17° angulated abutment (G3) externally hexed implant and standard abutments 
(G4) externally hexed implant and 17° angulated abutment.   Abutments were 
retained by titanium screws tightened to 20 N/cm. Acrylic resin crowns were 
manufactured and were retained over the abutments with gold screws tightened  at 
10 N/cm, using an electronic torque controller. A vertical line was ascribed across 
the implant-abutment and crown-abutment interface to identify any rotational 
displacement. The fatigue tests were performed in a servo-hydraulic  machine 
which  delivered forces between 100 and 120 N for 250,000 cycles, through a 
piston to the crown. The implant-abutment interface were evaluated using a light 
microscope. Then, screw was removed and detorque value was recorded. Data 
were statistically analyzed using ANOVA and Tukey test (α=.05) 
No horizontal displacement of acrylic resin crown and abutments were 
observed.  
ANOVA showed significant difference for prosthetic screw between implant 
types, but without interaction with abutment. However, for abutment screw, there 
was a significant difference between implant type and abutment. Also, it was 
observed interaction between implant  and abutments types. Internally hexed 
implants (G1 and G2) and externally hexed implants (G3 and G4) showed 
significant difference with a better performance for angulated abutment in 
comparison to standard abutment.  
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Within the limitations of this study it was concluded that pre-tightening 
maintenance of screw was affected by the type of abutment and the type 
connection implant used. There was no dislodgement for  crown or abutment when 
standard or pre-angulated abutments were used after 250.000 cycles of simulated 
loading. Indeed, internal and external hexed connections were effective to avoid 
rotation of crowns.  
 





























CAPÍTULO 1: “Pre-load maintenance in abutment and prosthetic screws 










Desde que foi introduzido o conceito de osseointegração, os implantes 
dentais tornaram-se uma opção viável de tratamento para pacientes desdentados 
(Branemark, 1985; Jemt, 1981). O bom resultado de um tratamento com implantes 
depende basicamente de um equilíbrio entre fatores biológicos e mecânicos. Os 
fatores biológicos geralmente são multifatoriais, já os mecânicos associam-se à 
instabilidade da conexão implante-parafuso-intermediário protético (Goodacre CJ, 
1999). 
Entre os fatores biológicos é imprescindível o correto relacionamento do 
implante com o rebordo alveolar e dentes adjacentes. (Rubenstein, 1999) 
Contudo, é comum a existência de diferenças entre o longo eixo do implante e 
dentes remanescentes. Para resolução dessa situação houve a necessidade do 
desenvolvimento de intermediários de diferentes angulações.( Bickford JH, 1981)  
Para tanto, os fabricantes de sistemas de implantes oferecem 
intermediários com angulações que variam de 0° a 60°, sendo possível até a 
fabricação de angulações personalizadas com o sistema CAD-CAM.(Marchack 
CB, 1996; Sethi A, 2002). Os intermediários protéticos angulados são utilizados 
para compensar as possíveis discrepâncias de angulação e posicionamento do 
implante e conferir à prótese função e estética adequadas. Contudo, o uso de 
angulações em intermediários pode em alguns casos, ocasionar problemas 
relacionados aos fatores mecânicos e biológicos devido à transmissão de forças 
não se dar paralelamente no longo eixo do implante (Sendyk CL, 1998).   
Estudos que avaliaram as falhas ocorridas em implantodontia, afirmam que 
se o eixo da coroa protética não for coincidente com o longo eixo do implante, 
devido à incidência de carga que ocorre durante a mastigação, existe o risco de 
que o braço de alavanca formado desde o contato oclusal até o longo eixo do 
implante contribua para o destorque do parafuso e possíveis fraturas.  
O mesmo acontece quando a altura excessiva do complexo intermediário-
coroa está presente, aumentando-se o braço de alavanca para os componentes 
 1
do sistema protético, provocando os mesmos riscos de destorque e fratura do 
parafuso (Renouard F, 2001).  
Os fatores mecânicos são responsáveis pela estabilidade do sistema 
implante-parafuso-intermediário protético. A desadaptação máxima entre os 
componentes implante/conexão protética aceitável seria da ordem de 10µm,  
precisão nem sempre atingida. A falta de uma perfeita adaptação compromete a 
adaptação passiva dos componentes que seria um dos pontos-chave para o 
sucesso do tratamento.( Branemark PI, 1987; Binnon PP, 1995;  Hecker DM, 
1993; , Lie A, 1994;  Rangert B, 1989; Renouard F, 2001)  A falta de passividade 
tem sido apontada em estudos clínicos prospectivos como causadora de vários 
tipos de complicações protéticas, principalmente em casos de próteses múltiplas, 
tais como: perda (destorque) ou fratura do parafuso e outros componentes (Cox 
JF, 2001;. Hemmings KW, 1994).  
A perda do parafuso é descrita como uma das conseqüências da não 
manutenção do torque inicial, ou pré-carga, exercida sobre a cabeça do parafuso 
durante adaptação da interface implante-intermediário protético (Lee JH, 2002; 
Byrne D, 2006) Essa pré-carga do parafuso é responsável por assegurar a 
resistência à fadiga e o efeito de travamento da conexão implante-intermediário, 
pois esforços mastigatórios resultam em forças sobre a prótese implanto-
suportada que podem causar destorque do parafuso, o que implicaria na sua 
perda (Shigley JE, 1986) O mecanismo de perda ou fratura de componentes está 
mais bem elucidado no campo da Engenharia, área na qual é consenso que a 
adaptação da superfície da cabeça do parafuso à conexão é vital para a 
manutenção da pré-carga. , do que na Odontologia, onde ainda existem 
controvérsias de acordo com os estudos de Jemt, T, 1991; Lekholm U, 1999; 
Marchack CB, 1996; Wie H, 1995. 
 Irregularidades na conexão implante-parafuso-intermediário também 
causam estresse nos parafusos, podendo causar instabilidade no sistema. Alguns 
autores sugerem que a estabilidade dessa conexão é diretamente relacionada à 
adaptação entre as paredes do hexágono do implante e as paredes do 
intermediário em contato com estas, embora os hexágonos apresentem um 
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pequeno grau de liberdade entre eles de até 5°. (Binnon PP1995; Rubenstein JE, 
1999). 
 Sobre a influência da conexão, interna ou externa, utilizada na manutenção 
da estabilidade da prótese, existe uma discussão acerca dos valores de destorque 
para os dois sistemas. Breeding (1993), por exemplo, encontrou valores de 
destoque do parafuso piores e fratura de conexões implante-intermediário quando 
usado hexágono interno. Contrariando estes resultados, pesquisas demonstram 
uma maior incidência de destorque e fratura de parafusos de conexões implante-
intermediário, quando usado hexágono externo. (Goodacre CJ, 1999) 
 Entre fabricantes e pesquisadores existem dúvidas quanto à influência das 
conexões interna e externa na manutenção da estabilidade do conjunto da prótese 
implanto-suportada, sendo que alguns sugerem que a presença do hexágono não 
seria o ponto crucial no sucesso do procedimento e sim a manutenção da pré-
carga e otimização da aplicação do torque. (Binnon PP, 1995)
 Testes de fadiga de materiais, têm sido usados para avaliar a resistência à 
mastigação simulada dos componentes utilizados em reabilitações implanto-
suportadas. Estes testes baseiam-se em ciclos de aplicação de carga que varia 
entre 100 N e 200 N que simulam o movimento da mastigação, após a aplicação 
do torque indicado para cada componente pelo fabricante. (Cibirka RM, 2001; Lee 
J, 2002)  
Visando esclarecer tais dúvidas, o presente estudo buscou avaliar a 
manutenção de pré-carga de parafusos de ouro, em implantes de conexão interna 
e externa, quando usados intermediários angulados e convencionais, após a 
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Pre-load maintenance in abutment and prosthetic screws implant restoration after 
simulated load cycling 
 
ABSTRACT 
 Purpose: This study evaluated pre-tightening maintenance in abutment and 
prosthetic screws of external and internal hexagon implant with straight and 17° 
angled abutments after fatigue testing.  
Material and methods: Four groups (n=10) of implants and abutments were 
assessed: (G1) implant with an internal hexagon ( Conect AR® ) and straight 
Estheticone® abutment; (G2) implant with an internal hexagon ( Conect AR® ) and 
17° angled  Estheticone® abutment; (G3) implant with an external hexagon and 
straight Estheticone® abutment; (G4) implant with external hexagon and 17° angled  
Estheticone® abutment. All implants were 3.75mm of platform and 10 mm in length    
Abutments were retained by titanium screws tightened to 20 N/cm and acrylic resin 
crowns were retained over the abutments with gold screws tightened at 10 N/cm, 
using an electronic torque controller. A vertical line was ascribed across the 
implant-abutment-crown interface aiming to verify horizontal displacement by an 
light microscope at 40 X magnification. The fatigue tests were performed in a 
servo-hydraulic machine, which delivered forces between 100 and 120 N for 
250,000 cycles, through a piston to the crown. Then, screw was removed and 
detorque value was recorded. Data were statistically analyzed using the 2-way 
ANOVA and Tukey test (α=.001) 
Results: No horizontal displacement was observed on the interface of implant-
abutment or abutment and crown. The 2 way ANOVA showed significant difference 
for prosthetic screw between implant connection types, but without interaction with 
abutment (P<.001). However, for abutment screw, there was a significant 
difference between implant connection types and abutment and interaction 
between implant and abutments (P<.001).Significant difference was observed 




Conclusion: Within the limitations of this study, it was concluded that the 
connection implant types or abutment types affected pre-tightening maintenance. 
Indeed, internal and external hexed connections were effective to avoid horizontal 
displacement of crowns.  
 
 

























Despite the successful clinical outcomes Branemark’s1, some problems in 
implant therapy are still considered insurmountable. Studies have shown that after 
osseointegration failures, screw loosing, or fracture of its abutment screws and 
prosthetic retaining screw are still considered the most important of problems and 
can affect the success of implant restorations2. Furthermore, mechanical failures 
have been associated with screw joint instability between the abutment and the 
implant.3. In addition, there is a controversial about the influence of implant-
abutments joint in screw loosing or fracture.4  
Regarding to implants connection type Goodacre et al5 (1999) and Balfour & 
O’Brien,6 (1995)  reported best results when internal hexagon design implants 
were used, while Khraisat et al7 (2004) considered that external hexagon implant 
system reduced the problem of screw loosening or fracture. On the other hand, 
Breeding et al,8 (1993) described failure, due to biomechanics problem, either 
internal or external hexagon implant systems were used.   
Besides the problem with the implant connection system, the use of angled 
abutments is also related to screw loosing or fracture due to the occlusal forces do 
not be directed along the implant axis..9 However, the angled abutment is very 
useful, considering the anatomy of the jaw and the morphology of the residual 
ridge, which is a determining factor in the orientation and angulations in which   the 
implants should be placed.  In those cases where there is a difference between the 
long axis of the inserted implant  and long axis of the planned tooth replacement, it 
should be  used an angled abutment to produce functional and esthetic 
restorations.9
Moreover, implant manufactures have recognized that screw loosing is a 
significant problem and have attempted to solve this problem. For instance, either 
internal or external hexagon was incorporated to act as a stabilizer for screw joint. 
Even though these antirotational design characteristics were incorporated into the 
implant system, machining tolerances still allow small amount of movement 
between the abutment and implant that the clamping action of the screw prevent.10   
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Although there are many studies about joint screw failures, the effect of 
angled abutments in the maintenance of stability of the screw joint, as well as the 
influence of implants connection type in screw joint failures remains a concern. 
Thus, this study was designed to evaluate the pre-tightening maintenance of 
titanium abutment screw and gold prosthetic screw using internal and external 
hexagon implants and straight and 17° angled abutment after a simulated cycling 
load. The horizontal displacement between implant-abutment and abutment- crown 
interface was also recorded.   
 
MATERIAL AND METHODS 
In this study, it was used 40 specimen consisting of implants, abutments, 
screws of titanium, acrylic resin crowns and gold screws divided into 4 groups of 10 
assemblies each: (G1) implant with an internal hexagon ( Conect AR® ) and 
straight Estheticone® abutment; (G2) implant with an internal hexagon ( Conect 
AR® ) and 17° angled  Estheticone® abutment; (G3) implants with an external 
hexagon (Master Screw®)  and straight Estheticone® abutment; (G4) implant with 
external hexagon (Master Screw®) and 17° angled  Estheticone® abutment. All 
implants were 3.75mm of diameter and 10 mm in length and all were bought from 
Conexão, Sistemas de Próteses, São Paulo, Brasil.  
Each implant was embedding to the level of collar in a polyester resin block 
(diameter: 22mm), using a surveyor guide (Bioart, 1000N, São Paulo, Brazil) so 
that the tip of the stylus would contact the acrylic resin crown on each sample to 
the center of the abutment. Standardized acrylic resin crowns were fabricated for 
each assembly. For this, a metallic master model simulating a human pre molar 
was duplicate, using a high precision elastomeric material (Elite Double 8, 
Zhermack, Italy), and the crowns were made using self polymerized acrylic resin 
(Classico Artigos Odontológicos Ltd, Sao Paulo, Brazil).over the implant 
components (Conexão, Sistemas de Próteses, São Paulo, Brazil) . 
After a minimum of 24 hours post implants placement in the polyester resin, 
each abutment screw of the test groups was tightened to a torque of 20 N/cm. After 
10 minutes, the abutment screw was again tightened to 20 N/cm. Then, the crown 
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was positioned and each prosthetic gold screw was tightened applying a 10N/cm. 
The load torque used was in accordance with the manufacturer’s instructions. A 
torque controller device (Lutron Eletronics TM 800, Taipei, Taiwan) was used to 
ensure that an accurate and reproducible strength was applied to each abutment 
or prosthetic screw. Furthermore, each implant was rigidly held in a special holding 
device (figure I) during screw tightening to ensure rigid fixation without rotation 
during the tightening. Follow this procedure a vertical line was scribed using a bur 
across the implant-abutment and abutment-crown interface (figure II) to evaluate 
horizontal displacement.3  
FIGURE I and II 
 
After, the specimens were placed in a cyclic loading machine with 10 piston 
heads activated by an air compressor (ERFOP 10, Erios, São Paulo, Brazil). The 
temperature of each specimen was maintained at 37°C by means a distilled water 
bath. The dynamic load was applied in a 2 mm square area to the occlusal fossa of 
each crown by a unidirectional vertical piston calibrated under displacement 
control, cycling between 100 and 120 N. Cycling loading continued for 250,000 
cycles, simulating a 3 months period of in vivo mastication approximately.3,11  
 After the test completion, each specimen was removed from the mechanical 
fatigue machine and microscopically inspected for horizontal displacement in a tri-
dimensional digital measurement microscope (Walter Uhl, Asslar, Germany). The 
observation was performed 3 times by sample by one single operator. The images 
were captured and analyzed in appropriate software (VideoCap 32, Microsoft, 
USA). Specimens were then replaced in the rigid holding device to ensure rigid 
fixation without rotation for detorque of the screws. The electronic controller device 
was carefully maintained in the long axis of the implant with the driver seated in the 
screw head. Abutment and prosthetic screws were removed and detorque values 
recorded in N/cm. After this procedure, screw and abutment surfaces were 
examined to verify any fracture occurrences. 
Statistical analysis 
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The statistical analysis was done using SAS software (SAS Institute Inc., 
version 9.0, Cary, NC) employing a significance level fixed at p<0.001. The 2-way 
ANOVA was used to test the null hypothesis of no difference between implant 
connection types and detorque of screws either abutment or prosthetic screws. 
The assumptions of equality of variances and normal distribution of errors were 
checked...Tukey’s test was then used for post-ANOVA comparisons.    
 
RESULTS  
              The results are presented in tables 1, 2 and 3. 
Table I.. 2-way ANOVA for prosthetic screw detorque in accordance with implant 
connection types and abutment types  
 
 
Source df           SS MS F  P 
Implant  
Abutment type 





0.09   
0.05         
14.02  
0.09 
0.05           
22.35  
0.15     




Table II.  2-way ANOVA for abutment screw detorque in accordance with implant 
connection types  
 
Source df SS MS F P 
Implant  
Abutment 

















Table III- Detorque values (N/cm) in abutment screw after fatigue test. (Mean ± 
SD)   
 Implant  connection type Straight abutment 17° Angled abutment 
 Internal hexagon 5.6±1.1Aa 7.7±0.9Ab 
 External hexagon 4.0±1.8 Ba 8.7±1.1Bb 
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Capital letters denote difference between implant connections types and lower 
case letters between abutment types (Tukey test, P<.001) 
 
 
              The analyses of the interface between implant-abutment and abutment-
crown showed no displacement when the vertical lines were observed. 
               The detorque values for prosthetic screws regarding the connection 
implant types (internal and external hexagon), showed significant differences by 
the 2- way ANOVA (P<.0001), but without interaction with the implant types. (table 
I).  
               Abutment screw detorque was affected by the connection implant types 
and by abutment either straight or angled (P<.001) (table II). The 17° degree 
angled abutment showed the higher values for detorque independent of implant 
connection types (P<.001) by Tukey test (table III). 
                  
Discussion 
The stability of implant-abutment connection and propensity for screw 
loosing is also influenced by the preload. and the contacting areas of implant and 
abutment. Tightening the screw creates the tension in the screw necessary to keep 
the components together12. Still according to Binon13, (2000), the resistance to 
avoid loosing screw is related to the joint preload. Thus, as greater the joint 
preload, the greater the resistance.  
In this study, we did not observed displacement in the interface either 
implant-abutment or abutment-crown when the vertically scribed lines were 
evaluated under high resolution microscope. Internal and external hexagon 
connections were effective to avoid rotation displacement. This result is consistent 
with findings of Cibirka et al.3   
Regarding the implant connection types and prosthetic screw no interaction 
was found and no screw was lost. This findings could be explained by the fact that 
prosthetic screw preload was kept, considering that screw loosing occurs when the 
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clamping force developed within the assembly is less than the forces which pull the 
assembly apart.14  
Although statistical analysis showed significant differences between the 
implant connection types and abutment types regarding detorque abutment screw, 
the results do not allow to assert whether internal hexagon implant is better than 
external hexagon in maintenance of screw joint stability. The abutment screws 
detorque of the straight abutment showed better results when internal hexagon 
was used; on contrary, the angled abutment exhibited the higher detorque values 
for external hexagon. As preload can be influenced by component and screw 
materials17,18, torque delivery system19, manufacturer quality control18, screw joint 
design21, surface roughness22, and fatigue testing3,12 is very difficult to attribute the 
results to one of them. Moreover, Binnon,4 (1996) in his study about implant-
abutment misfit on screw joint stability concluded that the presence of the external 
implant hexagon increased resistance to screw loosing. In addition, Cibirka et al 
suggested that a less precise fit in the width of the hexagon space, or its total 
elimination, did not adversely affect the preload after fatigue testing.3   
The better results found when angled abutment was used could be  
elucidate by a microscopically analysis of the relationship between abutment screw 
and internal implant threads. The distribution of the torque to the system depends 
on fitting between screw head and abutment platform, through friction between 
screw head and abutment and friction between the threads on the screw and 
implant; and the tension within the screw, defined as preload. 21 This condition 
probably could be better in angled abutment in comparison with straight abutment.  
The lack of loosing screw observed in this study can be related to factors 
such as the amount of load applied, even it was applied the load suggested by the 
manufacturer, the location and direction of force application and the number of 
cycles applied during fatigue test. It is important to considerer that although the 
load is arbitrary, attempted to simulate the clinical conditions. The number of 
loading cycles used could be insufficient to cause screw joint deterioration as 
suggested by Bickford et al.22 This consideration is in agreement with the study of 
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Binon & Mc Hugh23, (1996) that concluded that joint failure did not occur until a 
mean of 5 million cycles for abutment screws tightened to 30 N-cm, whereas 20 N-
cm of torque allowed failure to occur at 357162 cycles and in our study we used 
only 250000 cycles. Also, it was suggested that abutments tightened with 20N-cm 
could be expected to fail from screw loosing in 2 to 3 months. 10  
Even though no screw loosing or damaged screw either from abutment or 
prosthetic crown was found in this study, the better performance of 17° angled 
abutment in comparison with straight, new investigations about the influence of 
angled abutment in the maintenance of pre-tightening load should be conducted. 
Conclusion 
Within the limitations of this study we could conclude that the dynamics in 
maintenance pre load tightening is influenced by connections between the implant 
and abutment and by the abutment types; straight or angled. There was no crown 
or abutment displacement either straight or 17° angled abutments were used after 
fatigue test. Indeed, internal and external hexed connections were effective to 
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  CONCLUSÃO GERAL 
 
Os resultados do presente estudo permitem afirmar que a manutenção da 
pré-carga de parafusos de titânio de intermediários protéticos e parafusos 
protéticos de ouro são influenciados pelo tipo de intermediário utilizado 
(Estheticone sem angulação e Estheticone pré-angulado de 17°). Porém apesar 
da perda de pré-carga não ocorreu deslocamento rotacional de coroas, nem de 
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Figura 4: máquina de fadiga ERFOP 10, Erios, São Paulo, Brasil 
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Figura 6: corpo de prova no momento do destorque do parafuso protético 
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